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ABSTRACT OF THE DISCLOSURE 



A method for the detection of cell contents, the method comprising the steps 
of, introducing a cell into a channel in a microchip; lysing the cell to release cell 
contents into the channel; moving the cell contents towards a detection zone; and 
detecting the cell contents at the detection zone. An apparatus for the detection of cell 
contents, the apparatus comprising: a microchip; a cell mobilization channel formed in 
the microchip, the cell mobilization channel having a cell introduction end and a 
detection end; a cell mobilizer operably connected with the cell introduction end for 
moving cells from the cell introduction end to the detection end; means for lysing cells 
in the cell mobilization channel at a lysing zone, the lysing zone being located between 
the cell introduction end and the detection end, and a detector, disposed adjacent the 
detector end, arranged to detect cell contents appearing at the detector end that have 
been moved from the lysing zone to the detector end by the cell mobilizer 
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TITLE OF THE INVENTION 

Microchip Based Enzymatic Analysis 

NAME(S) OF INVENTOR(S) 
D. Jed Harrison 
Per E. Andersson 
Edgar Arriaga 
Gregor Ocvirk 

FIELD OF THE INVENTION 

This invention relates to cell assays on microchips. 

BACKGROUND OF THE INVENTION 

Several methods are known for enzymatic assays, such as use of flow 
cytometry, fluorescence microscopy, and capillary electrophoresis, and a great deal of 
work is being done on these systems to improve system performance characteristics 
such as average activity, distribution, separation of products, sensitivity, throughput, 
analysis time and quantitation. Due to the very small quantities involved, and the desire 
to detect small concentrations of products, improvement of all of the system 
performance characteristics, without degradation of any, is very difficult. There is thus 
a need for a device system showing improvement in all of these system performance 
characteristics. 

One particular enzyme for which detection of small quantities is 
important is (3-galactosidase. Deficiency in 0-galactosidase is symptomatic of diseases 
such as GM1 -gangliosidosis, galactosialidosis and Morquio B syndrom 
(mucopolysaccharidosis (MPS) IV B). These are genetic diseases that onset at various 
ages, and affect a variety of cell types, including brain tissue, leukocytes and skin 
fibroblasts, p - galactosidase is also used as a product of a reporter gene in 
recombinant DNA work. Enzymatic assays are available in which suspended eel! 
populations from a patient are analyzed using flow cytometry. While this is a single 
cell method, the technique reports the results from an ensemble of cells measured at 
one point in time. 

SUMMARY OF THE INVENTION 

This invention relates to a microchip system in which products from 
lysed cells are detected. A microchip format allows for detailed evaluation of the 
kinetics of response of each cell in an enzymatic assay. This makes it is easier to sort 
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cell responses into different categories. In flow cytometry the cells remain intact and 
the substrate must cross the cell membrane. The limited amount which transports 
across, and the low rate at which this occurs means that cells must be incubated for 
hours before analysis. Performing the P-galactosidase assay within a microchip allows 
for a novel sequnce of analysis that substantially speeds up the assay over flow 
cytometry methods. 

There is therefore provided in accordance with an aspect of the 
invention, a method for the detection of cell contents, the method comprising the steps 
of: introducing a cell into a channel in a microchip; lysing the cell to release cell 
contents into the channel; moving the cell contents towards a detection zone; and 
detecting the cell contents at the detection zone. 

In accordance with a further aspect of the invention, there is provided 
an apparatus for the detection of cell contents, the apparatus comprising: a microchip; 
a cell mobilization channel formed in the microchip, the cell mobilization channel 
having a cell introduction end and a detection end; a cell mobilizer operably connected 
with the cell introduction end for moving cells from the cell introduction end to the 
detection end; means for lysing cells in the cell mobilization channel at a lysing zone, 
the lysing zone being located between the cell introduction end and the detection end; 
and a detector, disposed adjacent the detector end, arranged to detect cell contents 
appearing at the detector end that have been moved from the lysing zone to the 
detector end by the cell mobilizer. 

In further aspects of the invention, the cells are mammalian cells and the 
cell contents comprise P-galactosidase. The cell contents may be moved towards the 
detection zone by electrophoretic, electroosmotic forces, pumping, or other 
mobilization methods. The cell may be lysed by various techniques such as application 
of an electric field across the cell, or by introduction of a reagent into the channel. The 
channel dimensions should be similar to the cell dimensions, preferably not more than 
about twelve cell diameters. 

These and other aspects of the invention are described in the detailed 
description of the invention and claimed in the claims that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

There will now be described preferred embodiments of the invention, 
with reference to the drawings, by way of illustration only and not with the intention of 
limiting the scope of the invention, in which like numerals denote like elements and in 
which: 
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Fig. 1 is a schematic isometric view of a microchip based enzymatic 
analysis system according to the invention; 

Fig. 2 is a plan view of the microchip of Fig. 1; 

Fig. 3 is a graph showing results of lysing of single cells and 
identification of P-galactosidase on a microtitre plate; 

Fig. 4 shows identification of single cells using capillary electrophoresis; 

Figs. 5A and 5B show cell content identification results obtained for 
HL60 cells pre-incubated with the substrate FDG at 200 uM in phosphate buffered 
saline (PBS) with 5% FCS, using the channel configurations illustrated in Figs. 5C and 
5D respectively; and 

Fig. 6A shows cell content identification results obtained for HL60 cells 
that were not pre-incubated with FDG using the channel configuration illustrated in 
Fig. 6B. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to Fig. 1, there is shown apparatus for the detection of cell 
contents A cell mobilization channel 10 is formed in a microchip 12 by any of a 
number of conventional methods. The microchip 12 may be made of glass, silica or 
other materials that may be micromachined to produce channels that have dimensions 
of from 10 urn to 100 urn cross-sectional dimensions. In a microchip, the channels are 
formed between two plates, at least one of which has the channel formed in it. The 
other plate normally acts as a lid. Fabrication techniques for microchips are well known 
and need not be described here. The cell mobilization channel 10 should have a 
minimum cross-section that is at least larger than the cells to be assayed by an amount 
sufficient to prevent blocking of the channel with the cells and a maximum cross- 
section that is smaller than about twelve times the diameter of the cells to be assayed 
such that the cells do not interfere with each other to such an extent that the detection 
signal is degraded. The channel 10 has a cell introduction end 14 and a detection end 
16. A syringe or micropump 18, functioning as a cell mobilizer operably connected 
with the cell introduction end 14, communicates as for example by a flexible capillary 
20 with the cell introduction end 14. The introduction of cells into the channel 10 is 
carried out according to conventional methods and need not be described further. 
Although a syringe 18 is shown as the cell mobilizer, other devices may be used such as 
a vacuum pump, DC electroosmosis systems, electrophoretic systems or 
dielectrophoresis systems, particularly where biochemical separations are incorporated 
in the system. When using electrical systems to move the cells, in which electrodes are 
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contacted with solution in the channel at opposed ends of the channel, care must be 
taken that the voltages are not so high so as to cause unintentional lysis. 

Means are provided for lysing cells in a lysing zone 20 located between 
the cell introduction end 14 and the detector end 16. Various means may be used to 
lyse the cells. As shown in Figs. 1 and 2, the lysing means may comprise a 
microchannel 22 intersecting with the channel 10 at the lysing zone 20 and a reagent 
source 24 communicating with the microchannel 22 through a channel 26. Another 
method of lysing the cells is to apply a strong electric field (eg 3-10 kV/cm, although 
this may depend on the cells) across the cells, with sufficient gradient to destroy the 
cell wall Electrodes contacting the channel 10 at its opposed ends may be used to 
accomplish this. Alternatively, an electric field may be applied across channel 10 
through two channels that intersect with channel 10, similar to the manner in which 
channels 26 and 28 intersect with the channel formed by channels 22 and 27. All of the 
channels 22, 26 etc described herein are formed by conventional microchip 
manufacturing methods such as etching or laser ablation. Enzyme substrate may be 
introduced with the lysing agent, or separate from the lysing agent, for example in a 
channel intersecting the channel 10 at a location upstream or downstream of the lysing 



zone 20. 



A detector 30 is disposed adjacent the detector end 16 and is arranged 
to detect cell contents appearing at the detector end 16 that have been moved from the 
lysing zone 20 to the detector end 16 by the cell mobilizer 18. In the example shown, 
the detector 30 comprises a 40x0.6 N.A microscope objective 31 focussed on the 
detection zone 17 in the detection end 16, a dichroic mirror 32 arranged in the path of 
light from the objective 31 and disposed to mix light from an argon ion laser 33 with 
the light from the objective to form a beam which passes through a 200 mm tube lens 
34, thence to a mirror 35, through a pinhole 36, bandpass filter 37 to photomultiplier 
tube 38. Included with the detector 30 in the example is an imaging camera and 
microscope 40 to allow observation of the flowing cell stream or the fluorescing 
product. Performing an enzymatic assay with a microchip allows for a novel sequence 
of analysis that substantially speeds up the assay over flow cytometry methods. 

To operate the system, cells are introduced into the channel 10 in chip 
12 by pump 18 and mobilized towards the lysing zone 20. At the lysing zone 20 the 
cells are met with a lysing agent that has been introduced into the lysing zone 20 
through channels 22 and 26 by reagent source 24. Action of the lysing agent on the 
cells frees the cell contents, including target enzymes, to react with a solution phase 
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substrate which may be contained in the lysing medium, or introduced from another 
flow channel downstream of the lysing zone 20. 

Cells are transported through the chip 12 and isolated individually in the 
lysing zone 20, lysed, then reacted with substrate. The detector zone 17 and lysing 
zone 20 should be sufficiently distant from each other that separation of material within 
the channel 10 occurs, in order to reduce background from other material within the 
channel 10 and scattering from the lysed cell debris. Cells may also be introduced into 
the lysing zone 20 in the following manner. Cells may be pumped from channel 26 to 
channel 28 across intersection 15. The flow is stopped with some cells at the 
intersection. Then, a voltage is applied between for example the end of channel 27 and 
the end of channel 16 to cause the cells to move towards the detection zone 20. In this 
situation, the cell introduction channel is channel 22 and channel 10 is not required. 

Several improvements result from this type of procedure for the 
detection of for example enzymes. The intracellular fluid is often at a pH below the 
optimum for enzyme activity or optimal fluorescence yield. Lysing the cell in an 
appropriate buffer, say phosphate at pH 7.4, releases enzyme into a more suitable 
environment for reaction with the enzyme, increasing the amount of product produced 
per unit time. Ingress of the substrate into a ceil can vary with the age and condition of 
a cell, introducing considerable variability inot quantitation of the amount of enzyme 
present, because the amount of substrate in side the cell varies. Releasing the enzyme 
into a uniform background of substrate within a flow channel reduices this problem. 
By working in a chip 12 with well defined flow channels 10, with a cross sectional area 
similar to that of a cell, the dilution of the enzyme is minimized, so the signals will 
remain large. 

Figure 3 shows the results of an analysis of HL60 cells (immortalized 
human cell line) performed by microtitre plate assay. The signal developed by intact 
cells increases with time, but the signal for lysed cells grows much faster. This result 
confirms that the product yield from the enzyme assay is much faster when the cells are 
first lysed. The results also show that the HL60 cell, when lysed, generates product at 
the rate of 3x10-18 mo ies/minVceIl. This rate is high enough that the fluorescent 
product of a single cell can be expected to be detected on a chip after a few seconds to 
a few minutes reaction time. 

Figure 4 illustrates the results of an analysis of a cell Iysate within a 
capillary, in which the cells were first lysed, reacted with substrate and a small volume 
was introduced into the capillary. The high quality peak formed was achieved by the 
addition of 5%, deactivated fetal calf serum (FCS) to the buffer solution (20 mM 
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tricine pH 8). Blank solutions gave much smaller peaks for the fluorescent product, 
indicating the FCS treatment was able to reduce carryover of enzyme from run to run. 
In this example the ratio of enzyme to substrate favoured formation of FMG, but other 
ratios produce fluorescein or a mixture of both products. 

A demonstration of cell lysis followed by analysis of the p-galactosidase 
content was performed in the device illustrated in Figs. 1 and 2. A syringe pump 18 or 
a vacuum source provided negative pressure on the analysis channel 10. Cells were 
introduced upstream of a y-shaped mixer (at the lysing zone 20) and were mixed with 
reagents that were premixed upstream along long channel 22. A manifold of channels 
26, 27, 28 provided the means to deliver and mix a variety of reagents at will from 
reagent sources 24, 25 and 29. Cells were mixed with the reagents at the y-intersection 
(lysing zone 20), and consequently lysed by a chemical lysing agent such as sodium 
dodecylsulfate (SDS), Triton X-100, Cu 2+ or other agents. Charged surfactants such 
as SDS will tend to deactivate the cellular enzymes, while neutral surfactants such as 
Triton X-100 will not. The enzyme substrate was then transformed by the enzyme into 
a detectable product, such as a fluorescent or optically absorbing product, or an 
electrochemically active product. An example of a fluorescence detection apparatus 
that could be used with the chip is illustrated in Fig. 1 

Fig. 5A shows results obtained for HL60 cells pre-incubated with the substrate 
FDG at 200 uM in phosphate buffered saline (PBS) with 5% FCS. The cells were then 
introduced into the chip 12 and mobilized towards the reaction zone 20 at the y- 
intersection 23 with a negative pressure on the detector channel 16. A solution of 35 
mM SDS was mixed with the cells to cause lysis. This reagent rapidly lyses the cells, 
but it also significantly deactivates the enzyme, so the signal seen was generated by the 
release of product formed within the cells during the pre-incubation period. Control 
experiments are shown in Fig. 5B. Cells that were not incubated with FDG show no 
signal when introduced into the chip. Cells incubated with FDG but which do not mix 
with SDS before reaching the detector show very sharply spiking signals, that do not 
have the peak width consistent with diffusion of enzyme after release from the cells, 
and so correspond to light scattering events. The control experiments verify that the 
peaks are due to substrate reaction with substrate and not from light scattering or from 
other components within the cells. 

Fig. 6A shows results obtained for HL60 cells that were not pre-incubated with 
FDG. Instead the HL60 cells introduced to channel 10 are mixed at the y-intersection 
23 with a reagent stream through channel 22 containing the lysing agent Triton X-100 
and 400 uM FDG and the resulting product formed is measured downstream in the 
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channel 16 at the detection zone 17 The control experiment here shows that when the 
FDG is omitted from the lysing reagent stream no signal is observed. This confirms 
that the peaks seen are not due to scattering and arise from the presence of the dye. 
The Triton X-100 lyses cells more slowly than does SDS so it was necessary to ensure 
about 1 min. elapsed between the time of mixing and the detection point, by controlling 
the flow rate or varying the position of the detector. Other neutral surfactants such as 
Tween 20 or Brij 35 could be used to induce cell lysis without inhibiting enzyme 
activity. 

Identical experiments to those shown in Figs. 5A and 5B were performed with 
human lymphocytes, yielding qualitatively similar results, indicating the analysis method 
can be used with cells derived from human blood samples. 

Electric fields used with or without additional chemical lysing agent can also be 
used to lyse the cells. Application of electric fields of 50 V/cm or greater to the flow 
channels lyses lymphocytes and leukocytes on-chip. This effect can be used to release 
the cellular enzymes. It may be used to enhance the lysing rate of agents such as Triton 
X-100 or Tween 20. 

Transport can be effected by the use of electric fields instead of pumps. 
However the electric field must be low enough (less than say 50 V/cm) to avoid cell 
lysis before the intended point. Electric fields are applied with electrodes inserted into 
fluid reservoirs at the ends of the channels. Different potentials applied on each 
channel are used to control the relative flow rate from each channel. The same 
electrodes are then used to apply higher fields to lyse the cells and to effect separation 
of the reaction products from each other and from any cell debris that may affect the 
reaction. 

Various cells may be used in the system, besides mammalian cells such 
as yeast and Kcoll. For mammalian cells such as canine erythrocytes (blood cells), 
eletroosmosis pumping may be used, with chemical lysis by application of sodium 
dodecylsulfate (SDS) through a channel such as channel 22. 

The chip 12 may also be used for cell-based drug screening. The walls 
of the channel 10 may be coated with a suitable coating to prevent the adsorption of 
cells, such as a coating with 5% Fetal calf serum in 1640 RPMI solution to prevent 
adsorption in the case of lymphocytes and leukocytes. 

A stream of cells may be provided from one channel 10 and mixed with 
an inhibitor from another (lysing zone). The incubation time can be controlled by the 
flow velocity. The cells may then be brought into contact with an activator at a later 
junction 21, flow stopped, upon which the activator diffuses to meet the cell (0.25 s is 
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required for the 30 urn wide channel) and initiates a change. If the cell contains a stain 
that signals the change, the event can be recorded with a video or still camera. This 
approach provides accurate kinetic data at the level of an individual cell, with well 
controlled, multiple deliveries of reagent at different locations within the device. The 
device provides a means to screen candidate drugs which can inhibit the activator's 
function. Such systems have much greater versatility and better kinetic resolution for 
the study of single cell events than does flow cytometry. 

Many other intracellular enzymes can also be evaluated using these 
devices. For example, the enzyme Fucosyltransferase can be analyzed using a 
fluorogenically labelled olligosacharide substrate which is cleaved in the presence of the 
enzyme, generating a fluorescent signal. In addition, luciferase may also be analyzed. 
Reporter genes that are incorporated into cells using recombinant DNA techniques are 
designed to produce enzymes such as b-galactosidase or proteins such as aeuquorin. 
These cell assay devices can be used to determine the succesfiil transfection and 
expression of such reporter genes. 

A person skilled in the art could make immaterial modifications to the 
invention described in this patent document without departing from the essence of the 
invention that is intended to be covered by the scope of the claims that follow. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS; 

1 . A method for the detection of cell contents, the method comprising the 
steps of: 

introducing a cell into a channel in a microchip; 
lysing the cell to release cell contents into the channel; 
moving the cell contents towards a detection zone; and 
detecting the cell contents at the detection zone. 

2. The method of claim 1 in which the cell is a mammalian cell and the cell 
contents comprise enzymes. 

3. The method of claim 2 in which the enzymes are selected from the 
group consisting of luciferase, p-galactosidase and Fucosyl transferase. 

4. The method of claim 1 in which the enzymes are produced by reporter 
genes that have been transfected into the cell. 

5. The method of claim 1 in which the cell is lysed by application of an 
electric field across the cell. 

6. The method of claim 1 in which the cell is lysed by introduction of a 
reagent into the channel. 

7. The method of claim 1 in which lysing of the cell is carried out by 
application of an electric field across the cell assisted by introduction of a reagent. 

8. The method of claim 1 in which the channel dimensions are not more 
than twelve times the cell diameter. 

9. The method of claim 2 in which the cell is lysed by introduction of a 
reagent into the channel and enzyme substrate is introduced into the channel at a 
location separate from the lysing agent. 
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10. Apparatus for the detection of cell contents, the apparatus comprising: 

a microchip; 

a cell mobilization channel formed in the microchip, the cell mobilization 
channel having a cell introduction end and a detection end; 

a cell mobilizer operably connected with the cell introduction end for 
moving cells from the cell introduction end to the detection end; 

means for lysing cells in the cell mobilization channel at a lysing zone, 
the lysing zone being located between the cell introduction end and the detection end; 
and 

a detector, disposed adjacent the detector end, arranged to detect cell 
contents appearing at the detector end that have been moved from the lysing zone to 
the detector end by the cell mobilizer. 
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Preincubated HL 60 cells (1 ; 6*10 6 cells/mL); in PBS/5%FCS 
incubation time 120 min/37°C, 200 fiM FDG 
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